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1 
"This invention relates to metal working ma- 
chineS; more specifically fo forging or heading 
machines sometimes referred to in the art as 
double blow headers. 
Generally speaking, a double blow header 
the type to which this invention relates includes 
a die block through which stock is fed by inter- 
mittently driven feed rollers, timed shearing 
mechanism whereby a blank is sheared off, trans- 
fer mechanism whereby the blank is positioned in 10 
front of a forming die, and a header slide carry- 
ing forming tools whereby the blank is given two 
heading blows before the next shearing cycle 
takes place. The header slide is reciprocated 
in the usual manner and usually includes two 15 
heading tools mounted on a shifting mechanism 
which alternately presents the tools to the blank. 
In a double blow header, the arrangement is such 
that the header slide makes two strokes to .one 
stroke of the shear and transfer mechanism 20 
thereby providing the so-called double blow 
arrangement. 
In the machines of this type which haçe been 
used before my invention, it was customary fo 
provide in the die block a shearing die which 25 
received the rod or wire stock and which was 
traversed by the shearing mechanism Go shear 
off the blank. A forming die was aiso provided 
in front of which the blank was positioned and 
in which it. received the double blow formng 30 
operatious. Prior art shearing mechanisms have 
been designed so that the movable portion of the 
shear which shears the blank contains a solid 
.shearing portion having a blank receiving notch, 
usually semi-cylindrical, and a mechanically 35 
operated flnger to retain the blank in the shear 
n0tch after the shearing portion has done 
work. 
.After the blank was sheared off and positioned 
in front of the die, the flrst heading operation 40 
initially caused the blank to be forced into the 
die with which the solid portion of the shear 
must be rapidly retracted to permit the heading 
tool to continue on its heading stroke. 
Such arrangements in the prior art have been 45 
proven in practice to offer several serious dis- 
advantages. In. the first place, the .use of an 
open bodied shear has resulted in the formation 
of irregularly shaped sheared blanks. If is an 
obJect of my invention to provide relatively regu- 50 
lar and uniformly formed sheared blanks by the 
use of a so-called solid shear in which the stock 
ts fed into a Completely enclosed aperture in the 
shear. Although a solid shear of this tyPe has 
been known in the art, for reasons which wfll. 
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appear as this specification proceeds, prior. 
workers in this field have been unable fo adapt 
the use of a solid shear to a simple double blow 
header such as that to which this invention 
relates. 
Another disadvantage of the open shear and 
finger arrangement round in the prior art stems 
from the fact that timing of the motion ai the 
instant the first tool strikes the shear blank and 
starts to force if into the die, must be very ac- 
curate and must be maintaine d accurately, other- 
wise either one of two undesirable things wfll 
occur.. Either the shear and transfer mechanism 
will open and retract before the tool catches the 
blank in the die, or the shear nght dwell in front 
of the die just long enough for the tool to strike 
and damage the solid portion thereof. If is an 
object of this invention to provide a shear and 
transfer mechanism in which the solid portion of 
the shear is ai a dwell or rest period during the 
first blow so that there is little danger of damage 
thereto, and likewise it is an object to provide a 
trausfer mechanism on the shear which is such 
that s]ight errors in its motion or position will not 
result in damage fo the mechanism. 
According to well-known principles ofmachine 
design, in machines which perform metal forging 
operations such as those carried out here the 
rigidity of the various parts of the machine is a 
highly important factor both in accuracy of the 
product and in the lire of the machine. Of 
course, rigidity can be obtained by either of tWO 
methods, namely, that of increasing the weight 
and size of the parts fo withstand a given bending 
moment thereon, or to dispose the parts relatively 
close together, thereby decreasing the 10ads .and 
bending moments, thereby bringing the size Of 
the machine to a minimum. Those skflled in this 
art have not been unaware of these problems and 
have marie every attempt fo dispose the dies as 
close tegether as possible, thereby reducing the 
loads on the machine and permitting better all 
around machine design. 
According to the principles outlined above, the 
die which receives the stock and the formîng die 
have been placed as close together as possible 
consistent with the provision of proper clearance 
between the shear and transfer mechanism and 
the header slide and tools, during the heading 
blows. This has meant, however, that the shear 
must travel the full distance between the two 
dies, which, coupled with the accurate tinng 
necessary at some parts of the cycle bas resulted 
in the need for very accurate driving cams or. 
other mechanisra and rapid acceleration .and 
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deceleration of the shearing mechanism, all of 
which contribute to the wear of the machine. If 
is an object of this invention to reduce wear and 
impact on the shearing mechanism by cutting 
the shear travel to hall that ïound on similar 5 
machines currently being manuïactured. Briefly, 
this is accomplished by providing an inter- 
mediate 4r:ansïer station between .the die ,which 
receivesthe-stock and the forming d ie. Vgith 
this arrangement the shear need only more the 10 
blank to the transfer station, a distance haff 
that formerly covered. Likewise, a transfcr 
flnger arrangement is provided on the shear ' 
which transfers the blank-from .%ho 
station to the forming die, :the :net rUlt,bcing .1:5 
that the shear motion is halved. 
As mentioned above, in the pr!or «ar£ .the 
sheared blank tended to-be "non-ùniîorm and 
erratic in size. This fs true, although to a.recuced - 
degree, when a solid shear is provided. Accord- 20 
pr.ee,nt_ n..ffomly,-a'e.d ,b!ank_s fo th_e.f0ming 
ageç.of :the ransfer:die. and .p,erforming a 
liminary sizing operation on the blank w..h.ite ït 25 
he.se..and .9her: oj .eç.ts .of :..rrby in.ençion will 
_e,,om,e.a_pp.ar,en»t0 .,tos, e. skil_l.ed in-.the .ar-t as. 
!e-fçllowing.:.EEet .a,'.fl_.ed --lçsçip.t.ion .of a prefçred 
mbe.m, ont ;proc, eds; 3o 
. ,Fi.g. :! iS a pl. ewof mY_ donble.:header» 
.o :th -.di -blo.,ç.k:...an,d:parts :of the. rame br0en 
.. g_.,.2. fs a -section-hrough :my machin.e-taken 35 
or.:g:ï.to.,lïw: hsïàering meh-anism, th,is :o 
.ï-:i. 5 ïs.-a ,pati,a_l.section ...kel -through :.the 
.de.t.afl of how. 4h.e pin,4ounch-.¢arri, edby,the shear 45 
Thï figur¢ Weh :f.ollow, nïme]y, ,Figs. 
ae sire.-. ffigdAchem6 :digaïn«êr.v.ingm fllU," 50 
t2ate .ac'ycë-¢ the machine. " Égcl of 
ih:the.Jp0i:i0:.f.he .knockouts:ghbvn-::ciïë::e 55 
g :. el.evïti:n_:o f .the: .shear2ng .mechani-sm 
uçh a:s:'tlït :s,ho:v/n 4n,:Fig: .4: .with .certain .parts 
:Fig.? ]ll.u.s.,t.te.s.:the posï_t{o.n of the parts dur-.. 60 
intermediate portion of .tletrïafèr m0tïori; 
 :Fig"9 iows :thë l_Siions 0f'Ëaé pas -Jst as 
caught in--the die:bythe fi.r.st :h,eàdï.ng to0!; 
:eemt-h.e/f:rs£u.nd/se_or:d bl.oz¢swith ,the sher--. 
-Fig :12 shows'the :second blow; " " " 
-Fi$.- 13: h0ws- the: hedïng"tbol-'beginmng 

pleted by reference back to Fig. 7 which shows 
the final part being knocked out. 
Fig. 14 shows a modified transfer finger actu- 
ating mechanism. 
Referring now to Fig. 1, the machine is housed 
and supported in a frame shown generally at U. 
In accordance with conventional practice in 
these machi.nes:.the crankshgft :/i.s provided with 
a:cankwhich re¢iproca-tes.theconnecing rod 
pivotally connected in any conventional manner 
.at  to the header slide in order to reciprocate 
the .heading slide H. The header slide may be 
mounted in accordance with usual practice in 
,.ay.s ,-:or.gides which permit its reeiprocation. 
Aîmovable tool-supporting arm member A is 
posi.tïoned..atthe ïforward portion of the header 
slide for .cazrying .tools T and T which perîorm 
the "heading bpërations. A hammer tool T 
mounted.solidly on the face of the header slide. 
The crank shaît ! may-be driven by a fiy wheel 
and :p,u]:ly.. arra._ngeent w.-,:::and 
ç _pr.oided-,wit.h, a<,ring:pio.. ,w«.h!Ch: mes. 
with-a, diTing.: gar  : .m,ù.nted o.n. :a 
the jack shaft being driven .at?h.al:f :: 
speed. The..Jack._,.,aft  ç.a%ri_.eS. mitÇ. gar_ 
which meshes wih :. :sc0..d m..ier 
dri:e :the lo.n.gitu._-'_l:shf- ,|Ç... 
the-:sh_.earing meç.h..am':sm :and 
nism my ne 0pe_ate_d, ,cms /!,.!2-an...d . 
cl¢_al:y in .other :/i._ev.s ad ,wj.ll .:be .eSere 
c0nnction=thereto...cA sco_n.d-pair of 
4 :and.45 açe al.s.psh_cav, n..!:n "Fig. : :thçy 
dive-.the k.nock,.out .m.¢çhanisrn, TW0 
0u cams !  and 
!; he ,krockeut ams !: and :t app.ear- 
better .advantage 4n ..o.th.er .::ievs ,and 
referred t0 «agai:n.. : :jtlt.in.g ce:¢ 
!9:maF be m0t.e.d<omthe !a_me nd t ca_is: 
Turning nov :to.F!g.. 2,/the. feed x.el!ers -:whiCh 
feed tle stock-M. :idt .tlïefist :di,e-:may be: seen. 
These:fee.d »lles. may .e. :riea 
timed«elationshi t :he :balance .Of he m _achn.e. 
and»in.the patont'.te-W.,L,. C10us.e., lo, 
knock-out. 6aïn. i."..diP o.eÏ. iini-;the: 
aginst -thei.» sp¢.tv: c...m, s  
".Çe.-itai: p.art.s.,o.$-=the::q0.1 shi«trg.:mechmaiam 
embodiment, : :.ogi::SUlalo.tirïg. axm 
mounted :on a -slïs£'.:!.- :hich :«ee¢ts :th'ough 
end .of -shaf.¢:! .:may; Cï -Square <of: ,splire, 
portion 22 whioB is::tum:C:-',by 
That .portion. 'of:he.hi.ï. arm i,,$..wgiClï recêi-ves 
the.squared.-porti6. '2 :ïs 
vided with-a-cam 
in:Propr timed eloEi.nslF:tle.:àl;hiï: 
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.Certain parts of the tool shifting mechanism 
appoar to advantage in Fig. 3, wherein the arm 
A may be seen clearly, together with the tools 
T and T3 mounted thereon. The flxed hammer 
tool T1 mounted on header slide H also appears 5 
in this figure. Shift arm.23 appears in elevation 
and the roller and cam 2§ are clearly seen in 
Fig. 3. A spring 25oE or other means may be- 
provided to force the shift arm against its driv- 
ing cam, and stops .21 may be-provided .for the 10 
arm.  The details of the tool shifting mecha- 
nism form no part of this invention and refer- 
ence is ruade to Patent No. 1,932,396 issued to 
W. L. Clouse on October .21, 1933, for another 
type of tool shifing mechanism which may be .15 
employed without departing rom the spirit of 
this invention. 
So that the header slide H may reciprocate 
and permit the tool shifting mechanism to-oper- 
are» a pair of flxed cheek members 25 are.pro- 2o 
vlded, to restrain the shifting arm 23 from axial 
motion whfle permitting it to have reciprocating/ 
motion. As best seen in Fig. 1, cheek members 
25 may be integral with or attached to the frame, 
and.member 22 merely slides through the arm 25 
23 as the header slide reciprocates. Shaft 2! 
may be .axially restrained in the header slide 
by.any, convenient arrangement of collars or 
other restraining means. . 
The principal details of the shearing.mecha- 3O 
nism are best seen in Fig. 4. What is needed 
is means to more. the shear a proper distance 
relative to the dies at the proper time, and means 
to more the transfer mechanism clear of the 
forming die at the proper time. The die block 35 
B Carries three dies: Die D1 which receives the 
stock is behind the shear and is shown in dotted 
lines. The intermediate or transfer die I ls 
shown behind the solid shearing portion of the 
shear .and it» too, ls in dotted lines. The third 40 
or forming die D ls shown vith the transfer 
fingers positioned in front, thereof. The. Shear- 
ing mechanism includes a shear body 30 pivoted 
as at 30oE to a pin supported by the frame. The 
shear is pivoted about 30oE by the action of a 45 
pair of cams which drive the shear body through 
arms 3 ! and 32, and in the preferred embodiment 
these arms carry rollers 31oE and 32oE respec- 
tively The shear is positively P0sitioned at all 
rimes by the. cams; cam 2 oporates against 5o 
follet .31oE and cam 13 which is behind cam 12 
operates against roller 32oE, the relative axial 
position of the cams and rollers being clearly 
illustrated in Fig. 2. 
Continuing the description of Fig. 4, at the 55 
upper end of the shear body 30 may be seen 
the shearing block 34 which may be integral 
with the shear body or solidly attached thereto. 
The...action of this block will be explained' 
presently. 
Pivoted to the shear body ls the transfer flnger 
supporting arm 3§, pivot 30 being provided for 
the.purpose. A flnger spacing extension 37 is 
formed on block 3§ in order to mount the trans- 
fer fingers F, these flngers being retained by a 65 
bolt 39 .and spring 40 in the preferred embodi- 
ment. Attached by any convenient means 4! 
to the arm 3§-is a sprtng.42 which, in turn, may 
be flxed to the shear body 30. Spring 42 pulls, 
the.finger supporting arm 3§ against a position- 7O 
ing pin. 43 which pin may carry a roller 44 at 
its ,!ower end..Roller. 44 engages the transfer 
finger-actuating cam ! ! in order that the trans. 
fer'ring.er may be lifted clear of the forming die 
at _the. proper time.. A bracket 40 may be in- 75. 

tegral.with or flxed.to the frame U, this bracket 
having a pin guiding portion 41 and a feed stop 
arm 40, the action of which will be described. 
in detail later in this description. The parts 
shown here, particularly the bracket 40, are 
simplified for purposes of. explanation. In actual 
practice, and in accordance with accepted tool  
machine design practice,, pin 43 would receive 
additional support adjacent cam ! l. Hovever» . 
such obvious and conventional parts are omited:i 
for clarity. . ï 
Fig. 5 is a section through the dies which shows 
the method of mounting a punch pin P in the 
shear block. Die D, which receives the stock, 
and where it is sheared, the transfer die D and 
the forming die D3 are partially shown in Fig. 5.. 
Part of the shear body 
form and the shearing block. 34 also appoar s ' 
sectioned, revealing the bore 49 which receives 
the stock when the.shear block is positioned in 
front of die DL -It is this block which shears 
offa blank (not shown) and presents it to die 
I when the shear is moved to the position shown  
in Fig. 5. These operation will be. referred to. 
 again in connection with the tracing through Of 
a cycle. The punch pinP flts bore 49 and may 
be restrained therein by a pin and slot .arrange- 
ment § ! and §2, these being merely one of many 
forms which could be employed for this .purpose. 
The spring §0 serres to retract-, the .pin to its 
outermost position when it is disengaged from 
the heading tool. Also in Fig. 5 can be seen feed ' 
stop 40 and a cam surface 40oE which may be  
OEormed thereon to cam the pin behind the feed 
stock', when the shear moves to its stock receivïng .. 
position. «.  :. 
Fig. 6 ls anenlarged partial view of the trans- 
fer finger arrangement showing how the transfer 
flngers lw are carried on their supporting arm 
3§.. The spacing lock 31 which may be integrl 
witharm 3§ ls engaged by the flngers, and both 
the block and the .flngers are apertured to re- " 
ceive a bolt 39 which carries a nut. Spring 40. 
causes both flngers to be resiliently urged .against 
block 31. The flngers are formed with notched 
parts §3 so designed that a circle of the diam-. 
eter X may be inscribed herein, and the notches 
53 and the block,31 are so proportioned that the 
circle X ls somewhat less than the diameter, of 
the stock or blank to be engaged by the flnger.. 
so that a positive gripping action will be obtained. 
A relieved or beveled end- portion 4 ls provided 
on each flnger so that, as will be described pres- 
ent!y, if neceSsary the flnger could snap over  
a piece of stock or blank when movetl down- 
wardly against the saine. The flngers are beveled 
as at §3oE t0 facilitate ent of the heading tool 
between the fingers. . .. 
Having completed the detailed description, of 
the various parts of my improved double blow 
heder, I shall now proceed to explain a series 
of diagrams which present in Chronological order 
certain forming operations which take place 
during the machine cycle; As mentioned before, 
no attempt bas been ruade to confuse the draw- 
ings by including machine design details which 
are well known to every mechanic, the basic ele- ' 
ments are all shown in as simple a manner a 
possible, without sacriflcing a clear discl0sure of 
the manner in which my machine canbe con- 
structed. "  '. 
In the description which follows, the forma- 
tion of a flnihed article will be traced step by 
step in a series of drawings, each drawing ini ' 
cluding twoparts. At the"left of each figure ls 



P5?.]e.-ad:o-£whiah engÇge$l., feed:.stopïrmr:l 5  positn«byitoperacam 
deoEthat .ipa-sghfljwada.:-the:end<:. sed bla O to the ers P whict 
M.W,i«e te;ghtoh:«acompe:cyclaad.» a .t:be.uic.raed»fro£hei. 
imrea -il! igBora .: ti:: " . untri : 
vngo-; g81nçhavw a.,!e:. Fig. 8, e lffng action ohenemaa. 
rt-::,the bla..  has,;be saredg and 4a aang .to 
T is approaching the die block, e tool,shi; im-dtwere 
o, " 
PP a.B ianhe çP  OÇZQhahr Çd: 
blD h :tçre:: } Ot: he :anste .: thesh bod 
isïçptç¢«»thah heshea.bod:i.l! dvell: 
in:!Ç. os:tpsi, :snah>therigt,. die body and tcol T2 s just 
p P, the design oï the patsbeguc.ha», coehost9:ç: 
whebtit-:.bom;b... " «-.without damage to the ers or tool. 
Ilg..llïas.:,seaat:,:.the ,l,.:tecamae:. sha:h:-Fig:èJuY 
ipositi, This p=on.of:£hecycteis - of,-. 
likge tliurtd:mhè.«:v]a he righ:nd:« 5. .-Dt «;tat..thèïsçffb:perdtiöfi 
figure is of no particular significance insofa,-a»:: poeibn,. 
the:=bïk" iz cncernedndoEhd¢rsonffr inç hlçwaybeeen:àfè, 
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 ing tool T3 is swinging into position for the second 
blow.. Tool T. may contain.a head forming re- 
cess $[, the shape of which is dictated by the 
article tobe formed. 
 Iii Fig. 12 the completion of the second.blow is 
fllustrated. As seen to the left, the shea has 
almostreached its left position.  In: the view at 
the rightït can be seen how the heading tool T3 
bas-headed over the blank forming, in this case, 
the final blank in the shape of a rivet O« 
. In Fig. 13 the header slide is retracting and 
the shear is again positioned at its extreme left 
Position with the transfer fingers positioned ïn 
front of the transfer die and the shear block in 
front of the shear die ready for the feed and 
kn0ck-out 0peration. 
 Fig. 7 completes the cycle, the rivet O4 being 
knockêd-out, knock-out arm K2 acting through 
plunger §$ and knock-out pin P3. The opera- 
tions taking place simultaneously at the shear 
die and .transfer die have been explained previ- 
ously. - . 
Yïg. 14 illustrates .a modified mechanism .for 
positioning the transfer fingers carried by the 
shear. In place of the pin 43 shown in Fig. 4, 
a link mechanism is provided in the modified 
form: this mechanism having some advantages 
such as those of rigidity and ruggedness. Bell 
crank.member 70 has a roller 7! which engages 
the cam Il. The bell crank is pivoted on the 
flxed pivot as at 72 and is linked toa vertically 
extending connecting link 73. The roller 7! is 
kept against the cam by the spring rod 74 pivoted 
to the bell crank at 7§ and surrounded by com- 
pression spring 75 mounted in any convenient 
manner. The upper end of the link 73 is pivoted 
ai 77 to a flnger actuating lever 78, this lever, 
in turn, being pivoted to the shear mechanism 
ai 75 and terminating in an enlarged cam end 80. 
The flnger carrying block 82 is recessed as at 8! 
to receive the end 8 of the finger actuating mech- 
anism. This mechanism serves the saine furie- 
tion as that previously described and the cam ! ! 
is designed to have a contour which works with 
the modifled flnger mechanism to more the fin- 
gers in the position in front of the dies and to 
raise them clear of the.dies at the proper rime 
in the cycle as described in connection with the 
description of the other modification. 
Having completed the detailed description of 
the basic machine elements required to provide 
my improved double blow header and having 
traced through a complete cycle.of operation, it 
can be seen how I have provided a novel ma- 
chine and bave carried out the various 0bjects 
referred to at the beginning of this description. 
 Those skilled in this art will readily appreciate 
the advantages of the solid die in the provisions 
of a sized and untform sheared blank. My trans- 
fer die D is relatively lightiy loaded and tan be 
placed in between the conventional shear die D1 
and the forming die D, thereby halving the mo 
tion of the shear. This reduces wear and im- 
pact on the shearing mechanism and permits the 
formation of more accurate actuating cams in 
that there is less difference between their high 
and low parts. 
Likewise, those skilled in the art will appreciate 
that due to the beveled and resilient mounting 
construction of my transfer fingers slight mis- 
alignment will not cause damage whereas in the 
conventional arrangement of this sort a part of 
the shearing mechanism might become inad- 
vertentiy positioned in front of the forming tool. 
Furthermore, those skflled in the art will ap- 
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preciate that .my flrst forming tool can be ' marie 
of a relatively heavy construction because tri-my 
design the relatively light beveled fmgers :canbe 
quickly snapped clear after the blank is caught 
5 in the forming die.  
If will be understood that the rivets which 
have shown manufactured in my machine bave 
only been illustrated in order that a clear dis 
closureof how the machine operates may.be pre- 
10 sented. Of course, the exact nature of the blank 
formed.-is a function of the shape of the dies, 
heading tools and knock-out pins. It would also 
be possible to extend the principles illustrated in 
this machine and provide a machine with more 
15 than one forming die by merely adding additional 
pairs of flngers to the flnger supporting arm to- 
gether with the proper header tools. The various 
mechanisms and machine elements which have 
been illustrated in ortier to build up an opera- 
2O rive machine in this speciflcation may be m0di, 
fled and their equivalents may be substituted 
without departing from the spirit of my inven- 
tion. These and numerous other modifications 
will suggest themselves to mechanics skilled in the 
25 art to which this invention relates and itis tobe 
understood that such modifications should not re- 
move the device thus provided from the spirit of 
my invention as deflned in the appended claimS. 
Having thus described the present invention so 
30 that o£hers skilled in the art may be able 
understand and practice the same, I state, that 
what I desire to secure by Letters Patent is .de- 
flned in what is claimed. , 
I claire: - - 
35 1. In a metal working machine,.a frame, adie 
block mounted in said frame having a stock feed- 
ing aperture, an intermediate die and a forming 
die, a header sllde carrying a heading tool-re- 
ciprocably mounted in said frame, driving means 
40 in said frame fo reciprocate said header slide,.a 
shearing mechanism mounted for reciprocation 
across said die block, means to drive said shear- 
ing mechanism in timed relation to said header 
slide drive, said .shearing mechanism including a 
45 solid shear block having a blank receiving and 
shearing recess which is closed over more than 
180 ° of arc, said block being driven to shear off a 
blank at said stock feeding aperture and to pre- 
sent said blank to said intermediate die, means 
50 carried by said header slide for forcing a sheared 
blanî from said shear block into said inter- 
mediate die on a flrst forward stroke, said shear: 
ing mechanism drive means being timed to hold 
Said shear block stationary in front of said inter- 
55. mediate cite duing completion of said flrst for 
wad stroke and to retract the shear block t0ward 
said Stock aperture during the following forward 
sçroke, transfer mechanism moved bY saidshear 
mechanism, for transferring a biank from the 
60. intermediae dië to sad forming die, means 
move said ttansfer mechanism clear of said for 
ing die while said shear block is held stationary 
at said intermediate die, and shfftable coning 
and heading tool means carried by said header 
65 slide and arranged to provide forming successive 
coning and heading operations on the same 
blank at said forming die with said transfer 
mechanism clear of said die. 
2. In a metal working machine, a frame, a die 
70 block mounted in said.frame having a stock feed- 
ing apirture, an intermediate die and a forming 
die, a header s!ide carrying a heading tool re- 
ciprocably mounted in said frame, driving means 
in said frame fo reciprocate said header slide, a 
75 shearing mechanism mounted for reciprocation 



